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(54) Motorcycle

(57) An engine unit (30) disposed below a storage
box is pivotable about a pivot shaft (31) together with a
rear wheel with respect to a vehicle body frame. An air
intake pipe (36) that defines a part of a main air intake
passage (P1) is connected to an engine body (21) of the
engine unit (30). An auxiliary air intake passage (K1)
branched from the main air intake passage (P1) between
a first and second throttle valves (40A,�40B) disposed in
the air intake pipe (36) is provided. The auxiliary air intake
passage (K1) guides intake air into a space adjacent to
an injector at least during idling. A pivot shaft (31) is dis-
posed at a lower position than a cylinder axis (L1) of a
cylinder block (22) and in a forward direction with respect
to a crank case (24).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

�[0001] The present invention relates to a motorcycle
of a unit- �swing type.

2. Description of the Related Art

�[0002] As disclosed in patent document 1 (Japanese
Patent No. 4084484) and patent document 2
(WO2004/38213A), some motorcycles include a unit-
swing engine. A support structure for supporting the unit-
swing engine (swing type engine unit) is designed to pivot
the engine, a rear wheel and a transmission gear mech-
anism (which transmits the driving force of the engine to
the rear wheel) together about a pivot shaft.
�[0003] In such a motorcycle including the unit- �swing
engine, a throttle body and a link mechanism for driving
throttle valves are pivotable together with the engine
about the pivot shaft vertically with respect to a vehicle
body frame. Therefore, a space is required for permitting
the vertical pivoting of the throttle body and the link mech-
anism with respect to the vehicle body frame, making it
particularly difficult to increase the volume of a storage
box.
�[0004] A motorcycle disclosed in patent document 1
includes a storage box disposed below a seat, an engine
disposed below the storage box, and a pivot located at
an upper front portion of a crank case of the engine.
�[0005] In this motorcycle, the pivot is spaced a short
distance from a cylinder head disposed in a forward di-
rection with respect to the crank case, so that the cylinder
head is vertically movable only a short distance. This
effectively prevents a front portion of the engine from
interfering with other peripheral components.
�[0006] A motorcycle disclosed in patent document 2
includes a storage box disposed below a seat, an engine
disposed below the storage box and supported pivotally
about a pivot axis located above the engine, a main pas-
sage, a throttle body, and an auxiliary passage.
�[0007] Intake air is supplied into the engine through
the main passage. The throttle body is disposed vertically
in the midst of the main passage. Two throttle valves for
opening/�closing operations are accommodated in the
throttle body. The auxiliary passage connects a space
defined between the two throttle valves to a space adja-
cent to an injection port of an injector attached to a cyl-
inder head of the engine.
�[0008] The intake air is supplied from the main pas-
sage to the auxiliary passage during a lower load driving
operation. The intake air having passed through the aux-
iliary passage is applied to fuel injected from the injector
to promote disintegration of the fuel. This increases the
fuel combustion efficiency.
�[0009] The injector is at least partly accommodated in

the cylinder head. This arrangement reduces a space
occupied by the injector as compared with a case in which
the injector is provided in an air intake pipe. This increas-
es the size of a space below the seat, making it possible
to increase the volume of the storage box to be provided
below the seat.
�[0010] A link mechanism is provided in the vicinity of
the throttle body. The link mechanism links the opening/
closing operations of the two throttle valves.
�[0011] The throttle body of the motorcycle disclosed in
patent document 2 includes the two throttle valves and,
therefore, has a greater size than the throttle body of the
motorcycle disclosed in patent document 1.
�[0012] Therefore, a pivot shaft is disposed above the
engine like in the motorcycle disclosed in patent docu-
ment 1.
�[0013] The partial accommodation of the injector in the
cylinder head is advantageous for size reduction of an
engine unit. However, the size of the throttle body is in-
creased, because the auxiliary passage is branched from
the main passage between the two throttle valves. Con-
sequently, this increases the size of the engine unit.
�[0014] The size increase of the engine unit reduces a
storage box accommodation space, thereby reducing the
volume of the storage box.
�[0015] The pivot shaft is disposed above the engine in
the vicinity of the storage box. Therefore, the storage box
should be located away from the pivot shaft, making it
difficult to increase the volume of the storage box. In ad-
dition, the throttle body accommodating the two throttle
valves and hence having a greater size is disposed in an
attitude such that the two throttle valves are arranged
vertically. This makes it difficult to increase the height of
the storage box, thereby making it more difficult to in-
crease the volume of the storage box.
�[0016] It is also possible to dispose the greater size
throttle body in an attitude such that the two throttle valves
are arranged in tandem in a direction between the front
and the rear. In this case, however, it is possible that an
upper portion of the engine unit has a greater size de-
pending on a positional relationship between the throttle
body and a suspension device.
�[0017] Of course, the seating surface of the seat
should be set at a proper height level. Therefore, it is
impractical to increase the volume of the storage box by
locating the seat at a higher position.

SUMMARY OF THE INVENTION

�[0018] It is therefore an object of the present invention
to provide a motorcycle which includes an engine having
higher fuel combustion efficiency and a storage box hav-
ing a greater volume, and is substantially free from size
increase.
�[0019] This object is achieved by a motorcycle of claim
1.
�[0020] According to the present invention, to achieve
the aforementioned object, there is provided a motorcy-
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cle, which includes: a vehicle body frame; a front wheel
and a rear wheel supported by the vehicle body frame;
a seat supported by the vehicle body frame; a storage
box disposed in a lower space present below the seat; a
foot rest plate disposed in a forward direction with respect
to the seat; and an engine unit disposed below the stor-
age box in the lower space and supported by the vehicle
body frame so as to be vertically pivotable together with
the rear wheel. The engine unit includes an engine body
including: a crank case accommodating a crank shaft; a
cylinder block connected to the crank case and accom-
modating a piston that is reciprocally movable along a
cylinder axis extending forward from the crank case; and
a cylinder head that is cooperative with the cylinder block
to define a combustion chamber and includes an air in-
take port defining a part of a main air intake passage
connected to the combustion chamber. The engine unit
further includes: an air intake pipe extending generally
in the direction between the front and the rear to be con-
nected to the cylinder head and cooperative with the cyl-
inder head to define the main air intake passage; and a
pivot shaft disposed at a lower position than the cylinder
axis of the cylinder block and in a forward direction with
respect to the crank case and serving as a pivot center
about which the engine unit is pivotable with respect to
the vehicle body frame. The engine unit further includes
a throttle body including a first throttle valve and a second
throttle valve spaced from each other in an intake air flow
direction in the air intake pipe, and a tubular member that
defines a part of the air intake pipe and accommodates
the first and second throttle valves. The throttle body is
disposed above the engine body in an attitude such that,
where a first direction is defined as being parallel to a
phantom line extending through a center of the front
wheel and a center of the rear wheel with the vehicle
seen from a lateral side thereof, a first phantom line seg-
ment extending between a rotation center axis of the first
throttle valve and a center axis of the pivot shaft has a
greater inclination with respect to the first direction than
a second phantom line segment extending between the
rotation center axis of the first throttle valve and a rotation
center axis of the second throttle valve. The engine unit
further includes fuel injection device attached to the cyl-
inder head and having an injection nozzle which injects
fuel into the part of the main air intake passage defined
in the cylinder head; and an auxiliary air intake passage
defining member that defines an auxiliary air intake pas-
sage branched from the main air intake passage between
the first and second throttle valves to guide intake air into
a space adjacent to the injection nozzle at least during
idling.
�[0021] In the inventive motorcycle, the engine has
higher fuel combustion efficiency, and the storage box
has a greater volume. In addition, the motorcycle is sub-
stantially free from size increase.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0022] Fig. 1 is a right side view of a motorcycle ac-
cording to a first embodiment of the present invention.
�[0023] Fig. 2 is a partially enlarged right side view of
major portions of the motorcycle of Fig. 1.
�[0024] Fig. 3 is a partially sectional view of an engine
unit as seen in plan.
�[0025] Fig. 4 is a vertical sectional view of major por-
tions of the engine unit as seen from the right side.
�[0026] Fig. 5 is a partly broken right side view of the
engine unit.
�[0027] Fig. 6 is a schematic right side view illustrating,
partly in section, major portions around a throttle body.
�[0028] Fig. 7 is a graph showing relationships between
the degree (angle) of opening of a first throttle valve and
the degree of opening of a second throttle valve.
�[0029] Fig. 8 is a schematic right side view illustrating
the throttle body with its first and second throttle valves
being fully open.
�[0030] Fig. 9 is a schematic left side view of major por-
tions of the motorcycle.
�[0031] Fig. 10 is a perspective view of a connection
mechanism and its peripheral portion.
�[0032] Fig. 11 is a left side view illustrating major por-
tions shown in Fig. 10.
�[0033] Fig. 12 is a sectional view taken along a line
XII-�XII in Fig. 11.
�[0034] Fig. 13 is a perspective view illustrating connec-
tion portions and their peripheral portions.
�[0035] Fig. 14 is an enlarged side view illustrating ma-
jor portions around an upper portion of the engine unit.
�[0036] Figs. 15 �(A) and 15�(B) are schematic left side
views illustrating major portions of the motorcycle of the
first embodiment, and major portions of a motorcycle of
a comparative example.
�[0037] Figs. 16 �(A) and 16�(B) are schematic left side
views illustrating the major portions of the motorcycle of
the first embodiment, and the major portions of the mo-
torcycle of the comparative example.
�[0038] Fig. 17 is a schematic left side view illustrating
the major portions of the motorcycle of the first embodi-
ment, and the major portions of the motorcycle of the
comparative example.
�[0039] Fig. 18 is a right side view illustrating, partly in
section, a motorcycle according to a second embodi-
ment.
�[0040] Figs. 19�(A) and 19 �(B) are right side views illus-
trating, partly in section, major portions of a motorcycle
according to a third embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

First Embodiment

�[0041] A first embodiment of the present invention will
hereinafter be described with reference to the attached
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drawings. In the following description, directions between
the front and the rear, vertical directions and lateral
(transverse) directions are defined on the basis of a ref-
erence posture of a motorcycle which travels straight
ahead on a horizontal plane as seen from a viewpoint of
a forward-�facing rider of the motorcycle.
�[0042] In the drawings, a forward direction of the mo-
torcycle is indicated by an arrow F. Similarly, a rearward
direction of the motorcycle is indicated by an arrow B.
Further, an upward direction of the motorcycle is indicat-
ed by an arrow U, and a downward direction of the mo-
torcycle is indicated by an arrow D. A leftward direction
of the motorcycle is indicated by an arrow L, and a right-
ward direction of the motorcycle is indicated by an arrow
R.
�[0043] Fig. 1 is a right side view of a motorcycle 200
according to the first embodiment of the present inven-
tion. In Fig. 1, the motorcycle 200 is illustrated partly in
a broken form. In the drawings, phantom lines are shown
by two- �dot- �and- �dash- �lines, and hidden outlines are
shown by broken lines.
�[0044] In this embodiment, the motorcycle 200 is a
scooter. In this embodiment, the scooter will be described
as an example of the inventive motorcycle, but not by
way of limitation. The present invention is applicable to
other types of motorcycles such as so-�called mopeds in
which a unit-�swing engine is mounted and a storage box
is provided below a seat.
�[0045] The motorcycle 200 includes a vehicle body
frame 10. The vehicle body frame 10 extends in the di-
rection (X1) between the front and the rear of the vehicle
as a whole. The vehicle body frame 10 includes a head
frame 11, and a main frame 12 extending obliquely in a
direction downward and rearward from the head frame
11. The vehicle body frame 10 further includes a pair of
right and left side frames 13 generally extending horizon-
tally in a rearward direction from a lower end of the main
frame 12, and a pair of right and left rear frames 14 re-
spectively extending obliquely in a direction upward and
rearward from rear ends of the side frames 13. The ve-
hicle body frame 10 further includes a pair of right and
left seat frames 15 respectively extending generally hor-
izontally in a rearward direction from rear ends of the rear
frames 14. In Fig. 1, only right ones of the side frames
13, the rear frames 14 and the seat frames 15 are shown.
�[0046] A steering shaft 17 extends in a downward di-
rection from a handlebar 16 through the head frame 11.
A front wheel 18 is attached to a lower end of the steering
shaft 17. Thus, the front wheel 18 is supported by the
vehicle body frame 10 via the steering shaft 17. A foot
rest plate 19 is attached to the right and left side frames
13. The right and left side plates 13 serve as a foot rest
plate support. The rider sits on a seat 25 to be described
later, and rests his or her feet on the foot rest plate 19.
Therefore, the foot rest plate 19 is disposed in a forward
direction with respect to the seat 25.
�[0047] With the motorcycle 200 seen from a lateral
side, a first phantom line L20 is defined as extending

through center axes 18a, 55a of the front wheel 18 and
a rear wheel 55 supported by the vehicle body frame 10.
The first phantom line L20 is, for example, parallel to a
horizontal ground surface T1. With the motorcycle 200
seen from the lateral side, an axis parallel to the first
phantom line L20 is defined as a vehicle axis X1 in the
direction between the front and the rear (extending in a
first direction). With the motorcycle 200 seen from the
lateral side, an axis perpendicular to the vehicle axis X1
in the direction between the front and the rear is defined
as a vehicle vertical axis Z1 (extending in a second di-
rection).
�[0048] As shown in a partially enlarged right side view
of Fig. 2, the foot rest plate 19 extends in the direction
(X1) between the front and the rear of the vehicle. The
foot rest plate 19 is gently curved in the direction (X1)
between the front and the rear of the vehicle. More spe-
cifically, the foot rest plate 19 is curved in an upward
direction from an intermediate portion 19a toward rear
ends 19b thereof.
�[0049] Referring to Fig. 1, a storage box 20 is fixed to
the rear frames 14 and the seat frames 15. A helmet B1
or the like is stored in the storage box 20. The storage
box 20 is disposed between the right and left seat frames
15 transversely (Y1) to the vehicle. The storage box 20
has an open-�top box shape. The storage box 20 includes
a bottom plate 20a having a lower surface 20d formed
with a recess 20c. The recess 20c is formed by recessing,
in an upward direction, a part of the lower surface 20b of
the bottom plate 20a of the storage box 20. The recess
20c is provided in a region 93 of the bottom plate 20a of
the storage box 20 opposed to an uppermost portion of
an engine unit 30 (to be described later) vertically (Z1)
with respect to the vehicle.
�[0050] With the provision of the recess 20c in the lower
surface 20b of the bottom plate 20a, a projection 20d is
provided on an upper surface of the bottom plate 20a.
The projection 20d projects in an upward direction to the
inside of the storage box 20. The projection 20d is present
generally at the center of the bottom plate 20a. With the
helmet B1 placed over the projection 20d, the projection
20d is inserted in a dead space inside the helmet B1.
Thus, the storage box 20 is conveniently used despite of
the provision of the recess 20c.
�[0051] The seat 25 is fixed to the seat frames 15. The
seat 25 extends from an intermediate portion to a rear
end of the vehicle body frame 10 in the direction (X1)
between the front and the rear of the vehicle. The storage
box 20 is disposed below the seat 25. The seat 25 also
serves as a lid which covers and uncovers a top opening
of the storage box 20.
�[0052] More specifically, a front end portion of the seat
25 is attached to a vehicle body cover 28 (to be described
later) via a hinge 27. The seat 25 is pivoted about the
hinge 27 in one of opposite directions, whereby a rear
portion of the seat 25 is lifted. Thus, the top opening of
the storage box 20 is uncovered. Further, the seat 25 is
pivoted about the hinge 27 in the other direction to be
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thereby moved back into a state in which the rider can
sit on the seat 25. Thus, the top opening of the storage
box 20 is covered.
�[0053] A lower space G1 is defined below the seat 25.
The storage box 20 is disposed in the lower space G1.
�[0054] The vehicle body cover 28 is attached to the
rear frames 14. The vehicle body cover 28 extends in an
upright direction from a rear portion of the foot rest plate
19. The vehicle body cover 28 partly surrounds the lower
space G1 below the seat 25. The vehicle body cover 28
covers almost all of the storage box 20 and a front portion
of the engine unit 30 (to be described later) from a front
side and lateral sides.
�[0055] As shown in Fig. 2, the vehicle body cover 28
includes a front wall 28a disposed below the front end of
the seat 25, and a pair of side walls 28b disposed below
right and left ends of the seat 25. In Fig. 2, only the right
one of the side walls 28b is shown. The side walls 28b
are laterally symmetrical. Front portions 28c of the side
walls 28b overlap the foot rest plate 19 in the direction
(X1) between the front and the rear of the vehicle. The
front portions 28c of the side walls 28b are held between
the rear ends 19b of the foot rest plate 19 transversely
(Y1) to the vehicle.
�[0056] The engine unit 30, which is of a unit-�swing type,
is mounted on the vehicle body frame 10. The engine
unit 30 is pivotable about a pivot shaft 31 with respect to
the vehicle body frame 10.
�[0057] The engine unit 30 is a forced-�air- �cooled engine
unit. A part of the engine unit 30 is covered with the ve-
hicle body cover 28. More specifically, a front end portion
of an engine body 21 and a front end portion of a shroud
42 of the engine unit 30 to be described later are covered
with the vehicle body cover 28. The engine unit 30 is
disposed below the seat 25 and the storage box 20.
�[0058] As best shown in Fig. 1, the engine unit 30 in-
cludes the engine body 21, an air intake pipe 36, a throttle
body 38, and an auxiliary air intake passage defining
member 41. The engine unit 30 further includes the
shroud 42 and the pivot shaft 31. The pivot shaft 31
serves as a pivot center about which the engine unit 30
is pivotable with respect to the vehicle body frame 10.
�[0059] The engine body 21 is disposed in a rearward
direction with respect to the front wall 28a of the vehicle
body cover 28 in the lower space G1 below the seat 25.
�[0060] Fig. 3 is a partially sectional view of the engine
unit 30 as seen in plan. That is, a part of the engine unit
30 is shown in horizontal section. The engine body 21
has a cylinder axis L1 extending in the direction (X1) be-
tween the front and the rear of the vehicle. The engine
body 21 is a single-�cylinder four-�stroke engine. The en-
gine body 21 includes a cylinder block 22, a cylinder head
23 attached to a front end portion of the cylinder block
22, and a crank case 24 attached to a rear end portion
of the cylinder block 22.
�[0061] Fig. 4 is a vertical sectional view illustrating ma-
jor portions of the engine unit 30 as seen from the right
side. Fig. 5 is a partly broken right side view illustrating

the engine unit 30.
�[0062] Referring to Figs. 3 and 5, the shroud 42 is at-
tached to the engine body 21 for cooling the engine body
21. The shroud 42 includes a tubular portion 43 which
entirely surrounds the cylinder block 22 and a rear end
portion 23b of the cylinder head 23, and a side plate 44
which covers the crank case 24 from the right side.
�[0063] The tubular portion 43 includes an upper wall
243 disposed above the engine body 21. The upper wall
243 covers an upper surface 22a of the cylinder block
22, and a part of an upper surface of the rear end portion
23b of the cylinder head 23.
�[0064] The crank case 24 defines a rear portion of the
engine body 21. A crank shaft 45 extending transversely
(Y1) to the vehicle is accommodated in the crank case
24. The crank shaft 45 is rotatably supported by the crank
case 24 via bearings 281, 282. A right end portion 204
of the crank shaft 45 projects from a right side surface
246 of the crank case 24. A fan 46 is connected to the
right end portion 204 of the crank shaft 45 for unitary
rotation. The fan 46 is driven by the rotation of the crank
shaft 45. Air is introduced as cooling wind into the shroud
42 from the outside by the fan 46 for cooling the engine
body 21. A large end portion of a connecting rod 205 is
connected to an intermediate portion of the crank shaft
45.
�[0065] The cylinder block 22 is a tubular member con-
nected to a front end face 24b of the crank case 24. An
inside space of the cylinder block 22 is defined as a cyl-
inder chamber E1. A piston 208 is accommodated in the
cylinder chamber E1 so as to be reciprocally movable
along the cylinder axis L1. The cylinder axis L1 is a center
axis of the cylinder block 22. The cylinder axis L1 extends
generally in the direction (X1) between the front and the
rear of the vehicle and, more specifically, is inclined up-
wardly toward the front. The cylinder axis L1 is not nec-
essarily required to be parallel to the vehicle axis X1 in
the direction between the front and the rear. The piston
208 is connected to a small end portion of the connecting
rod 205 via a piston pin 47.
�[0066] The cylinder head 23 is connected to a front
end face of the cylinder block 22, and defines the front
portion of the engine body 21. A cam shaft 209 for driving
an air intake valve (not shown) and an exhaust valve 48
is accommodated in the cylinder head 23.
�[0067] Referring to Figs. 4 and 5, a space defined by
the piston 208 accommodated in the cylinder block 22,
the cylinder block 22 and the cylinder head 23 serves as
a combustion chamber A1 in which a fuel-�air mixture is
subjected to combustion. The air intake valve 210 and
the exhaust valve 48 are provided in the cylinder head
23 as facing the combustion chamber A1.
�[0068] The cylinder head 23 includes a first tubular
boss 32 provided in an upper right portion thereof. The
first boss 32 is an integral part of the cylinder head 23.
The first boss 32 projects out of the shroud 42. A distal
end portion of the first boss 32 is located outside the
shroud 42 and exposed from the shroud 42. An inside
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space of the first boss 32 communicates with a main air
intake passage P1 (to be described later) around the air
intake valve 210.
�[0069] An injector (fuel injection device) 34 is attached
to the first boss 32 via a synthetic resin holder 33. The
injector 34, which is attached to the cylinder head 23, is
located at the front end of the engine body 21.
�[0070] The first boss 32 is located on a right side of a
connection pipe 39 (to be described later) of the air intake
pipe 36. Thus, the injector 34 and an air intake port 221
to be described later are located at different positions in
the cylinder head 23.
�[0071] Referring to Fig. 4, the holder 33 includes a cy-
lindrical portion 211 and a flange 212 provided at a prox-
imal end of the cylindrical portion 211. The flange 212
abuts against the distal end of the first boss 32. Thus,
the holder 33 is positioned with respect to the first boss
32. The cylindrical portion 211 is accommodated in an
accommodation space H1 defined in the first boss 32. A
gap between an outer peripheral surface of a proximal
end portion 213 of the cylindrical portion 211 and an inner
peripheral surface of the first boss 32 is sealed in a liquid-
tight manner by a first seal member 214 such as an O-
ring. An annular space is defined as a chamber G2 be-
tween an outer peripheral surface of an intermediate por-
tion 215 of the cylindrical portion 211 and the inner pe-
ripheral surface of the first boss 32. A distal edge of a
distal end portion 216 of the cylindrical portion 211 is
engaged with the inner peripheral surface of the first boss
32 virtually without any gap.
�[0072] An inside space of the distal end portion 216 of
the cylindrical portion 211 is defined as an injection space
G3 adjacent to an injection nozzle 35 of the injector 34.
The injection space G3 is provided as a space defined
adjacent to the injection nozzle 35. The injection space
G3 is thus provided in the cylinder head 23, and commu-
nicates with the combustion chamber A1 via the air intake
valve 210. The distal end portion 216 of the cylindrical
portion 211 is formed with a plurality of through-�holes
217. The through-�holes 217 (e.g., four through- �holes) are
located equidistantly on the circumference of the distal
end portion 216 of the cylindrical portion 211. The cham-
ber G2 communicates with the injection space G3 via the
through-�holes 217.
�[0073] The injector 34 serves to inject fuel supplied
from a fuel tank (not shown) into the air intake passage.
The injector 34 includes an injector body 218 having an
elongated shape, and an injection nozzle 35 disposed at
a distal end of the injector body 218.
�[0074] The injector body 218 is inserted in the cylindri-
cal portion 211 of the holder 33 to be retained by the
holder 33. A longitudinal half of the injector body 218 is
accommodated in the first boss 32. A gap between an
outer peripheral surface of the injector body 218 and the
inner peripheral surface of the holder 33 is sealed in a
liquid- �tight manner by a second seal member 219 such
as an O-�ring. The injection nozzle 35 faces the injection
space G3, and is oriented so as to inject the fuel toward

the air intake valve 210 via a part of the main air intake
passage P1 present in the cylinder head 23. Fuel injection
timing at which the injector 34 injects the fuel toward the
air intake valve 210 is controlled by a controller such as
an ECU (an engine control unit or an electronic control
unit) not shown.
�[0075] The air intake pipe 36 extends from the rear to
the front of the vehicle. The air intake pipe 36 is inclined
downwardly toward the front of the vehicle as a whole.
�[0076] The air intake pipe 36 includes an air intake
hose 37 connected to an air cleaner (not shown) and
extending in a forward direction from the air cleaner, a
cylindrical tubular member 220 connected to a front end
portion of the air intake hose 37, and a connection pipe
39 connected to a front end of the tubular member 220.
A front end of the connection pipe 39 is curved in a down-
ward direction.
�[0077] The cylinder head 23 includes a tubular air in-
take port 221. The part of the main air intake passage
P1 present in the cylinder head 23 is defined by the air
intake port 221. The air intake valve 210 is located at one
of opposite ends of the air intake port 221. The other end
of the air intake port 221 opens into an upper surface of
the cylinder head 23. The other end of the air intake port
221 is defined by a flange 222 provided on the upper
surface 23c of the cylinder head 23. The flange 222 abuts
against a flange 223 provided at a front end portion 39a
of the connection pipe 39, and is fixed to the flange 223
by fixture screws not shown. Thus, the air intake port 221
is connected to the front end portion 39a of the connection
pipe 39 (i.e., a downstream end of the air intake pipe 36).
�[0078] The main air intake passage P1 is defined by
the air intake port 221 of the cylinder head 23 and the air
intake pipe 36.
�[0079] The throttle body 38 includes the tubular mem-
ber 220, and two throttle valves, i.e., first and second
throttle valves 40A, 40B. The tubular member 220 has a
center axis L2 extending in the direction (X1) between
the front and the rear of the vehicle. The tubular member
220 is located above the cylinder block 22 of the engine
body 21 and above the upper wall 243 of the tubular
portion 43 of the shroud 42. Thus, the throttle body 38 is
entirely located outside the shroud 42.
�[0080] The first and second throttle valves 40A, 40B
each serve to open and close the main air intake passage
P1 in the air intake pipe 36. The first throttle valve 40A
and the second throttle valve 40B are spaced from each
other in an intake air flow direction C1 in the main air
intake passage P1. The first throttle valve 40A and the
second throttle valve 40B are accommodated in the tu-
bular member 220. The first throttle valve 40A is located
downstream of the second throttle valve 40B with respect
to the intake air flow direction C1. That is, the first throttle
valve 40A is located between the second throttle valve
40B and the cylinder head 23 in the main air intake pas-
sage P1. The first throttle valve 40A and the second throt-
tle valve 40B each have a disk shape.
�[0081] The first throttle valve 40A is supported by a
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first rotation shaft 224 extending perpendicularly to the
center axis L2 of the tubular member 220. The second
throttle valve 40B is supported by a second rotation shaft
225 extending perpendicularly to the center axis L2 of
the tubular member 220. The first rotation shaft 224 and
the second rotation shaft 225 each extend transversely
(Y1) to the vehicle.
�[0082] Referring to Fig. 5, the first rotation shaft 224
and the second rotation shaft 225 each project to the
right of the tubular member 220 from a right side surface
of the tubular member 220.
�[0083] As described above, the air intake pipe 36 is
inclined downwardly toward the front. Thus, the center
axis L2 of the tubular member 220 is inclined in a down-
ward direction toward the front. The inclination angle Q2
of the center axis L2 of the tubular member 220 with
respect to a horizontal plane S1 is, for example, less than
45 degrees. In this embodiment, the inclination angle Q2
is several degrees. That is, the inclination angle Q2 of
the center axis L2 with respect to the vehicle axis X1 in
the direction between the front and the rear is several
degrees as seen from the lateral side. The first throttle
valve 40A is located in front of the second throttle valve
40B at a lower position than the second throttle valve 40B.
�[0084] Fig. 6 is a schematic right side view illustrating
major portions around the throttle body 38 partly in sec-
tion. Fig. 6 illustrates a state in which the first throttle
valve 40A and the second throttle valve 40B are fully
closed. The state in which the first throttle valve 40A and
the second throttle valve 40B are fully closed herein
means a state of the first throttle valve 40A and the sec-
ond throttle valve 40B observed when a throttle grip is
not operated during idling. The following description is
based on the fully closed state of the first throttle valve
40A and the second throttle valve 40B.
�[0085] Referring to Fig. 6, the first rotation shaft 224
and the second rotation shaft 225 are rotatably supported
by the tubular member 220. A center axis J3 of the first
rotation shaft 224 serves as a pivot center of the first
throttle valve 40A, while a center axis J1 of the second
rotation shaft 225 serves as a pivot center of the second
throttle valve 40B.
�[0086] With the motorcycle 200 seen from the right
side, a second phantom line segment L3 is herein defined
as extending between the center axis J3 of the first rota-
tion shaft 224 serving as the rotation center axis of the
first throttle valve 40A and the center axis J1 of the second
rotation shaft 225 serving as the rotation center axis of
the second throttle valve 40B. The second phantom line
segment L3 overlaps the center axis L2 of the tubular
member 220. The second phantom line segment L3 has
a dimension L3X in the direction between the front and
the rear as measured in the direction (X1) between the
front and the rear of the vehicle and a vertical dimension
L3Z as measured vertically (Z1) with respect to the ve-
hicle, and the dimension L3X (first dimension) in the di-
rection between the front and the rear is greater than the
vertical dimension L3Z (second dimension) (L3Z < L3X).

�[0087] When the first throttle valve 40A and the second
throttle valve 40B are fully closed, the first throttle valve
40A at least partly overlaps the second throttle valve 40B
in the direction (X1) between the front and the rear of the
vehicle. In this embodiment, the first throttle valve 40A
mostly overlaps the second throttle valve 40B in the di-
rection (X1) between the front and the rear of the vehicle.
Thus, the first and second throttle valves 40A, 40B at
least partly overlap each other as seen in the direction
(X1) between the front and the rear of the vehicle.
�[0088] The first throttle valve 40A is rotated together
with the first rotation shaft 224 about the first rotation
shaft 224 by the rotation of the first rotation shaft 224.
Similarly, the second throttle valve 40B is rotated togeth-
er with the second rotation shaft 225 about the second
rotation shaft 225 by the rotation of the second rotation
shaft 225.
�[0089] A driving pulley 226 is coupled to a right end
portion of the second rotation shaft 225 for unitary rota-
tion. A throttle cable 49 is attached to the driving pulley
226. The throttle cable 49 has opposite ends, one of
which is connected to the throttle grip of the handlebar
16 and the other of which is connected to the driving
pulley 226. With this arrangement, the driving pulley 226
is rotated in response to a throttle operation performed
by the rider. The rotation of the driving pulley 226 rotates
the second rotation shaft 225, thereby opening and clos-
ing the second throttle valve 40B.
�[0090] The opening/�closing operation of the second
throttle valve 40B is linked with the opening/�closing op-
eration of the first throttle valve 40A by a link mechanism
227. That is, the first and second throttle valves 40A, 40B
are coupled to each other.
�[0091] The link mechanism 227 has a so-�called lost
motion structure such that the first throttle valve 40A
starts the opening operation with a time delay after the
start of the opening operation of the second throttle valve
40B. The link mechanism 227 is disposed on the right
side of the tubular member 220 of the throttle body 38,
and includes a first main link member 228, a second main
link member 229 disposed on the rear side of the first
main link member 228, a sub- �link member 230, and a
rotation transmission member 231.
�[0092] The second main link member 229 is a small
piece provided integrally with the driving pulley 226. The
second main link member 229 is disposed at the right
end portion of the second rotation shaft 225, and is ro-
tatable about the second rotation shaft 225.
�[0093] A second connection shaft 232 is attached to
the second main link member 229. The second connec-
tion shaft 232 is parallel to the second rotation shaft 225.
The second main link member 229 is connected to a rear
end portion of the sub-�link member 230 via the second
connection shaft 232 for relative rotation.
�[0094] The sub-�link member 230 is a plate member
elongated in the direction (X1) between the front and the
rear of the vehicle, and links the second main link member
229 to the first main link member 228.
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�[0095] The sub- �link member 230 is disposed below the
first rotation shaft 224 and the second rotation shaft 225.
�[0096] A first connection shaft 233 is located at a lower
end of the first main link member 228. The sub-�link mem-
ber 230 has a front end portion connected to a lower end
portion of the first main link member 228 via the first con-
nection shaft 233 for relative rotation. The first connection
shaft 233 is parallel to the first rotation shaft 224.
�[0097] The first main link member 228 is an elongated
metal plate member. The first main link member 228 is
inclined in a downward direction toward the front.
�[0098] An upper end portion of the first main link mem-
ber 228 includes an extension member 50 extending
away from the center axis J3 of the first rotation shaft
224. A press member 234 is provided on the extension
member 50. The press member 234 projects from the
extension member 50 in one of opposite circumferential
directions of the first rotation shaft 224 (in a rightward
direction in Fig. 6). Thus, the press member 234 is op-
posed to a to- �be- �pressed member 235 (to be described
later) of the rotation transmission member 231 circum-
ferentially with respect to the first rotation shaft 224.
�[0099] An intermediate portion of the first main link
member 228 is connected to a right end portion of the
first rotation shaft 224 for relative rotation. Thus, the first
main link member 228 is rotatable independently of the
first rotation shaft 224.
�[0100] The center axis J1 of the second rotation shaft
225 serving as the pivot center of the second main link
member 229 is spaced a distance D2 from the center
axis J2 of the second connection shaft 232. Further, the
center axis J3 of the first rotation shaft 224 serving as
the pivot center of the first main link member 228 is
spaced a distance D1 from a center axis J4 of the first
connection shaft 233. A relationship between the distanc-
es D1 and D2 is D2 > D1.
�[0101] The rotation transmission member 231 is a met-
al plate member. The rotation transmission member 231
is connected to the first rotation shaft 224 for unitary ro-
tation. The to-�be-�pressed member 235 to be brought into
abutment against the press member 234 is provided on
the rotation transmission member 231. The to-�be-
pressed member 235 extends away from the center axis
J3 of the first rotation shaft 224. With the second throttle
valve 40B being fully closed, the press member 234 and
the to-�be- �pressed member 235 are opposed to and
spaced a predetermined distance M1 from each other
circumferentially with respect to the first rotation shaft
224.
�[0102] Although not shown, a torsion coil spring is dis-
posed between the tubular member 220 of the throttle
body 38 and the first main link member 228. Thus, a force
is applied to the first throttle valve 40A in a valve closing
direction.
�[0103] Although not shown, another torsion coil spring
is disposed between the tubular member 220 of the throt-
tle body 38 and the driving pulley 226. A force of this
torsion coil spring is transmitted to the second rotation

shaft 225 via the driving pulley 226. Thus, the force is
applied to the second throttle valve 40B in a valve closing
direction.
�[0104] Referring to Fig. 4, the auxiliary air intake pas-
sage defining member 41 extends from the tubular mem-
ber 220 of the throttle body 38 to the first boss 32 of the
cylinder head 23. The entire auxiliary air intake passage
defining member 41 is located outside the shroud 42.
The auxiliary air intake passage defining member 41 de-
fines an auxiliary air intake passage K1.
�[0105] As described above, the first boss 32 is provid-
ed as the integral part of the cylinder head 23. The injector
34 is fixed in the first boss 32. The cylinder head 23 further
includes a fourth boss 239 provided integrally with the
first boss 32. The fourth boss 239 extends perpendicu-
larly to an axis of the injector 34. The cylinder head 23
further includes a third boss 238 attached to the fourth
boss 239.
�[0106] The auxiliary air intake passage defining mem-
ber 41 includes a second boss 236 fixed to the tubular
member 220, the fourth boss 239 of the cylinder head
23, the third boss 238 attached to the fourth boss 239,
and a hose 237 which connects the third boss 238 to the
second boss 236.
�[0107] The second boss 236 is an L-�shaped tubular
metal member.� The second boss 236 is disposed on an
upper portion of the tubular member 220. One of opposite
end portions of the second boss 236 serves as an up-
stream end defining portion 240 of the auxiliary air intake
passage defining member 41.
�[0108] One of opposite ends of the second boss 236
is fixed to the tubular member 220 between the first throt-
tle valve 40A and the second throttle valve 40B. A part
of the auxiliary air intake passage K1 present in the sec-
ond boss 236 is defined as an upstream end portion K2
of the auxiliary air intake passage K1, and communicates
with the main air intake passage P1.
�[0109] The hose 237 is a tube formed of a flexible ma-
terial such as rubber. One of opposite ends of the hose
237 is connected to the other end of the second boss 236.
�[0110] One of opposite ends of the third boss 238 is
connected to the other end of the hose 237. The fourth
boss 239 is provided integrally with the first boss 32.
Center axes of the fourth boss 239 and the first boss 32
extend in a generally perpendicular manner to each oth-
er.
�[0111] Referring to Figs. 4 and 5, the fourth boss 239
is located outside the shroud 42. A portion of the auxiliary
air intake passage K1 present in the fourth boss 239 de-
fines a downstream end portion K3 of the auxiliary air
intake passage K1. The downstream end portion K3 com-
municates with the chamber G2 in the first boss 32. The
other end of the third boss 238 is connected to the fourth
boss 239.
�[0112] With the aforementioned arrangement, the up-
stream end portion K2 of the auxiliary air intake passage
K1 communicates with the main air intake passage P1
between the first and second throttle valves 40A, 40B.
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The downstream end portion K3 of the auxiliary air intake
passage K1 communicates with the injection space G3
via the chamber G2 and the through- �holes 217.
�[0113] Intake air is introduced as assist air into the aux-
iliary air intake passage K1 from the main air intake pas-
sage P1. The assist air flowing through the auxiliary air
intake passage K1 is further introduced into the injection
space G3 via the chamber G2 and the through-�holes 217
of the holder 33. The assist air supplied into the injection
space G3 is applied to the fuel injected from the injector
34, thereby promoting the disintegration of the fuel.
�[0114] Fig. 7 is a graph showing relationships between
the degree (angle) of opening of the first throttle valve
40A and the degree of opening of the second throttle
valve 40B. In Fig. 7, the degree of opening of the first
throttle valve 40A is zero during idling. Similarly, the de-
gree of opening of the second throttle valve 40B is zero
during idling.
�[0115] In Fig. 7, a solid line indicates a relationship
between the degrees of opening of the first and second
throttle valves 40A, 40B in this embodiment. As indicated
by the solid line, the degree of opening of the first throttle
valve 40A is kept at zero when the degree of opening of
the second throttle valve 40B is not greater than 10 de-
grees.
�[0116] On the other hand, a broken line in Fig. 7 indi-
cates that the degree of opening of the first throttle valve
is always equal to the degree of opening of the second
throttle valve because the lost motion structure is not
provided. As indicated by the broken line and the solid
line, the first throttle valve 40A is opened with a time delay
after the second throttle valve 40B is opened in this em-
bodiment. The operations of the first and second throttle
valves 40A, 40B will be described below in greater detail.
�[0117] Referring to Figs. 6 and 7, the degrees of open-
ing of the first throttle valve 40A and the second throttle
valve 40B are controlled in the following manner accord-
ing to a change in load (throttle operating amount). First,
the first throttle valve 40A located on a downstream side
with respect to the intake air flow direction C1 is main-
tained in a fully closed position when the vehicle is op-
erated in an operation state ranging from a non- �load op-
eration state (idling state) to a predetermined partial load
operation state.
�[0118] More specifically, until the operation state
reaches the partial load operation state, the rotation of
the driving pulley 226 occurring due to the throttle oper-
ation performed by the rider is not transmitted to the first
rotation shaft 224 but transmitted only to the second ro-
tation shaft 225.
�[0119] This is because the press member 234 of the
first main link member 228 and the to-�be- �pressed mem-
ber 235 of the rotation transmission member 231 are
spaced the distance M1 from each other on the circum-
ference of the first rotation shaft 224. At this time, the first
main link member 228 is pivoted in response to the piv-
oting of the second main link member 229, but the rotation
transmission member 231 is not pivoted.

�[0120] Therefore, only the second throttle valve 40B
is opened or closed by the rotation of the second rotation
shaft 225. At this time, the sub-�link member 230 and the
first main link member 228 operate in response to the
operation of the second main link member 229. Thus,
the first main link member 228 is rotated about the first
rotation shaft 224. However, the first rotation shaft 224
and the first throttle valve 40A are not rotated until the
press member 234 of the first main link member 228 is
brought into abutment against the to- �be-�pressed mem-
ber 235.
�[0121] Therefore, as shown in Figs. 4 and 7, the
amount of air flowing into the injection space G3 of the
injection nozzle 35 is controlled only based on the degree
of opening of the second throttle valve 40B until the op-
eration state reaches the partial load operation state. In
the partial load operation state, the assist air flowing into
the auxiliary air intake passage K1 is mixed with the fuel
injected from the injection nozzle 35 in the injection space
G3. Thus, the disintegration of the fuel is promoted to
increase the fuel combustion efficiency. This reduces the
possibility of imperfect fuel combustion which is liable to
occur at the cold start of the engine.
�[0122] On the other hand, when the operation state is
shifted from the partial load operation state to a higher
load operation state, the first throttle valve 40A is opened
according to the throttle operation.
�[0123] Thus, not only the assist air flowing through the
auxiliary air intake passage K1 but also the intake air
flowing through the other end of the air intake port 221
is introduced into the cylinder head 23.
�[0124] Reference will be next made to Fig. 7 and Fig.
8 which is a schematic right side view illustrating the throt-
tle body 38 with the first throttle valve 40A and the second
throttle valve 40B being fully open. More specifically,
when the operation state is shifted from the partial load
operation state to the higher load operation state, the
rotation amount of the first main link member 228 with
respect to a reference rotation amount observed during
idling exceeds a predetermined level. As a result, the
press member 234 of the first main link member 228 is
brought into abutment against the to- �be-�pressed mem-
ber 235 of the rotation transmission member 231. There-
fore, the rotation transmission member 231 and the first
rotation shaft 224 are rotated in response to the rotation
of the first main link member 228, whereby the first throttle
valve 40A is rotated. Thus, not only the intake air flowing
through the auxiliary air intake passage K1 but also the
air flowing through the connection pipe 39 is introduced
into the cylinder head 23.
�[0125] Since the distance D2 is greater than the dis-
tance D1 in the link mechanism 227 as described above,
the opening/�closing speed of the first throttle valve 40A
is higher than that of the second throttle valve 40B in the
higher load operation state. As a result, the first throttle
valve 40A is fully opened, when the second throttle valve
40B is fully opened.
�[0126] Referring to Fig. 5, the crank case 24 of the
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engine body 21 has a greater height than the cylinder
head 23 as measured vertically (Z1) with respect to the
vehicle. The crank case 24 has a projection piece 51
projecting in an upward direction from an upper surface
24a thereof. An uppermost end 51a of the crank case 24
is defined by an upper end of the projection piece 51.
�[0127] As described above, the cylinder block 22 is
connected to the front end face 24b of the crank case
24. The upper surface 22a of the cylinder block 22 is
generally flat. The upper surface 22a of the cylinder block
22 overlaps an intermediate portion of the front end face
24b of the crank case 24 in the direction (X1) between
the front and the rear of the vehicle. The upper surface
22a of the cylinder block 22 is located at a lower position
than the uppermost end 51a of the crank case 24.
�[0128] The upper surface 22a of the cylinder block 22
is covered with the upper wall 243 of the tubular portion
43 of the shroud 42 from above. The upper wall 243 over-
laps the intermediate portion of the front end face 24b of
the crank case 24 vertically (Z1) with respect to the ve-
hicle. The upper wall 243 is located at a lower position
than the uppermost end 51a of the crank case 24.
�[0129] The cylinder head 23 has a front end portion
23a formed with a through-�hole (not shown), which is
closed by a cap 52. An upper surface of the cap 52 defines
a part of the upper surface 23c of the cylinder head 23.
The upper surface 23c is located at a lower position than
the uppermost end 51a. With the motorcycle 200 seen
from the right side, a second phantom line L4 is herein
defined as extending in a forward direction from the up-
permost end 51a of the crank case 24 into contact with
an upper end of the upper surface of the cap 52. At this
time, a portion of the tubular member 220 of the throttle
body 38 located below the center axis L2 of the tubular
member 220 generally is located entirely below the sec-
ond phantom line L4.
�[0130] A higher level surface portion 24c is defined by
a front portion of the upper surface 24a of the crank case
24, while a lower level surface portion 22b is defined by
the upper surface 22a of the cylinder block 22. The higher
level surface portion 24c and the lower level surface por-
tion 22b adjoin each other in the direction (X1) between
the front and the rear of the vehicle.
�[0131] With the vehicle seen from a lateral side, the
second throttle valve 40B is disposed in association with
the higher level surface portion 24c with respect to the
vehicle direction X1 between the front and the rear. That
is, the second throttle valve 40B is located above the
higher level surface portion 24c.
�[0132] With the vehicle seen from the lateral side, the
first throttle valve 40A is disposed in association with the
lower level surface portion 22b with respect to the vehicle
direction X1 between the front and the rear. That is, the
first throttle valve 40A is located above the lower level
surface portion 22b.
�[0133] Fig. 9 is a schematic left side view illustrating
major portions of the motorcycle 200 partly in section. An
air cleaner 53 is connected to a rear end of the air intake

hose 37 of the air intake pipe 36. The air cleaner 53 re-
moves dust and the like from air to be introduced into the
air intake pipe 36. The air cleaner 53 is attached to an
upper portion of a power transmission member 54 to be
described later.
�[0134] The power transmission member 54 is connect-
ed to a rear portion of the engine unit 30. The power
transmission member 54 transmits the output of the en-
gine body 21 to the rear wheel 55 (driving wheel). The
power transmission member 54 includes a housing 54a
extending in the direction (X1) between the front and the
rear of the vehicle and is fixed to the crank case 24. The
rear wheel 55 is connected to a rear portion of the housing
54a of the power transmission member 54 via an axle
56. The rear wheel 55 is located below the seat frames
15 of the vehicle body frame 10. The rear wheel 55 is
rotatably supported by the housing 54a of the power
transmission member 54 via the axle 56.
�[0135] The motorcycle 200 further includes a rear sus-
pension device 57. The engine unit 30, the power trans-
mission member 54 and the rear wheel 55 are supported
by the rear suspension device 57 so as to be collectively
pivotable vertically about the pivot shaft 31 with respect
to the vehicle body frame 10.
�[0136] The rear suspension device 57 is disposed in
the vicinity of the axle 56, and includes a stretchable rear
shock absorber 58 and a connection mechanism 59 dis-
posed in a forward direction with respect to the axle 56.
�[0137] An upper end portion of the rear shock absorber
58 is connected to a connection member 61 fixed to the
left seat frame 15 via a fixture bolt 60. The upper end
portion of the rear shock absorber 58 and the connection
member 61 are pivotable about the fixture bolt 60 relative
to each other.
�[0138] A lower end portion of the rear shock absorber
58 is connected to a connection member 63 fixed to the
rear portion of the housing 54a of the power transmission
member 54 via a fixture bolt 62. The lower end portion
of the rear shock absorber 58 and the connection mem-
ber 63 are pivotable about the fixture bolt 62 relative to
each other. With the motorcycle 200 seen from the left
side, a center axis L5 of the axle 56, a center axis L6 of
the fixture bolt 62 and a center axis L7 of the fixture bolt
60 are generally aligned with each other.
�[0139] Fig. 10 is a perspective view of the connection
mechanism 59 and its peripheral portion. Fig. 11 is a left
side view illustrating major portions shown in Fig. 10. Fig.
12 is a sectional view taken along a line XII-�XII in Fig. 11.
�[0140] Referring to Fig. 10, the connection mechanism
59 connects the engine unit 30 to the vehicle body frame
10 pivotally about the pivot shaft 31. The connection
mechanism 59 includes a left connection plate 67, a right
connection plate 68, the pivot shaft 31 supported by the
connection plates 67, 68 and extending transversely (Y1)
to the vehicle, a bracket unit 65 supported by the pivot
shaft 31, and a pair of connection portions 66L, 66R pro-
vided as integral parts of the crank case 24 and supported
by the bracket unit 65.
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�[0141] The left connection plate 67 is fixed to the left
side frame 13 on a left side of a front end portion of the
bracket unit 65. The left connection plate 67 is formed of
a metal plate, and disposed below the rear end portion
of the left side frame 13.
�[0142] The right connection plate 68 is fixed to the right
side frame 13 on a right side of the front end portion of
the bracket unit 65. The right connection plate 68 is
formed of a metal plate, and disposed below the rear end
portion of the right side frame 13.
�[0143] The bracket unit 65 connects the pivot shaft 31
to the pair of connection portions 66L, 66R. The bracket
unit 65 is cooperative with the pivot shaft 31 and the pair
of connection portions 66L, 66R to define a part of the
engine unit 30. The pivot shaft 31, the bracket unit 65
and the pair of connection portions 66L, 66R partly define
the connection mechanism 59, and partly define the en-
gine unit 30. The bracket unit 65 includes a front pipe 69
extending transversely (Y1) to the vehicle, and a pair of
left and right brackets 71L, 71R fixed to the front pipe 69.
�[0144] Referring to Figs. 11 and 12, the front pipe 69
has a hollow cylindrical shape. The front pipe 69 is dis-
posed between the left connection plate 67 and the right
connection plate 68. The pivot shaft 31 extends through
the front pipe 69. The pivot shaft 31 is fixed to the right
connection plate 68 and the left connection plate 67. The
bracket unit 65 is pivotable about the pivot shaft 31.
�[0145] More specifically, the pivot shaft 31 is a thread-
ed member. The pivot shaft 31 includes a head 73 pro-
vided at a left end thereof for engagement with a tool,
and a male thread 74 provided on a right end portion.
�[0146] A first collar 75, a first bush 76, a second collar
77 and a second bush 78 are fitted around the pivot shaft
31 in this order from the left end to the right end of the
pivot shaft 31.
�[0147] The first collar 75 is fixed to the left connection
plate 67. The first bush 76 and the second bush 78 are
disposed between an outer periphery of the pivot shaft
31 and an inner periphery of the front pipe 69, and con-
nect the pivot shaft 31 to the front pipe 69 for relative
pivoting.
�[0148] The second collar 77 is disposed between the
first bush 76 and the second bush 78. The first bush 76
and the second bush 78 are properly positioned trans-
versely (Y1) to the vehicle by the second collar 77.
�[0149] The male thread 74 of the pivot shaft 31 thread-
ingly engages a nut 79. The nut 79 abuts against the right
connection plate 68 from the right side. The threading
engagement between the male thread 74 of the pivot
shaft 31 and the nut 79 tightly combines the first collar
75, the first bush 76, the second collar 77, the second
bush 78 and the right connection plate 68 with each other.
�[0150] The left bracket 71L is formed of a metal plate.
The left bracket 71L includes a pair of vertical walls 80L
juxtaposed transversely (Y1) to the vehicle and a bottom
wall 81L connecting lower edges of the vertical walls 80L
to each other. The right bracket 71R is formed of a metal
plate. The right bracket 71R includes a pair of vertical

walls 80R juxtaposed transversely (Y1) to the vehicle and
a bottom wall 81R connecting lower edges of the vertical
walls 80R to each other.
�[0151] Front ends of the vertical walls 80L of the left
bracket 71L and front ends of the vertical walls 80R of
the right bracket 71R are fixed to the front pipe 69.
�[0152] A tubular left stopper 82 is disposed on upper
edges of portions which are intermediate in the direction
between the front and the rear of the vertical walls 80L.
Similarly, a tubular right stopper 82 is disposed on upper
edges of portions which are intermediate in the direction
between the front and the rear of the vertical walls 80R.
�[0153] The left stopper 82 is disposed between the pair
of vertical walls 80L, and fixed to the vertical walls 80L
by a fixture screw 83L and a fixture nut 84L. The right
stopper 82 is disposed between the pair of vertical walls
80R, and fixed to the vertical walls 80R by a fixture screw
83R and a fixture nut 84R. The center axes of the stop-
pers 82 extend transversely (Y1) to the vehicle in align-
ment with each other.
�[0154] Right and left third bushes 85 are respectively
disposed in a rearward direction of the stoppers 82 below
the stoppers 82.
�[0155] The left third bush 85 is disposed between the
pair of vertical walls 80L. The left third bush 85 is fixed
to the vertical walls 80L by a fixture screw 86L and a
fixture nut 87L. The right third bush 85 is disposed be-
tween the pair of vertical walls 80R. The right third bush
85 is fixed to the vertical walls 80R by a fixture screw
86R and a fixture nut 87R.
�[0156] Center axes of the right and left third bushes 85
extend transversely (Y1) to the vehicle in alignment with
each other.
�[0157] The bottom wall 81L of the left bracket 71L and
the bottom wall 81R of the right bracket 71R are connect-
ed to each other by a cross pipe 88. Thus, rigid connection
between the left bracket 71L and the right bracket 71R
is achieved.
�[0158] Fig. 13 is a perspective view of the connection
portions 66L, 66R and their peripheral portions. Referring
to Fig. 13, the connection portions 66L, 66R are provided
integrally with the front portion of the crank case 24. The
connection portions 66L, 66R are provided in pair as be-
ing spaced from each other transversely (Y1) to the ve-
hicle. The left connection portion 66L and the right con-
nection portion 66R are symmetrical transversely (Y1) to
the vehicle. The connection portions 66L, 66R each have
an upper insertion hole 89 and a lower insertion hole 90.
�[0159] Referring to Fig. 12, the left connection portion
66L is disposed between the pair of vertical walls 80L of
the left bracket 71L. The left stopper 82 and the left third
bush 85 are inserted in the upper insertion hole 89 and
the lower insertion hole 90, respectively, of the left con-
nection portion 66L.
�[0160] The right connection portion 66R is disposed
between the pair of vertical walls 80R of the right bracket
71R. The right stopper 82 and the right third bush 85 are
inserted in the upper insertion hole 89 and the lower in-
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sertion hole 90, respectively, of the right connection por-
tion 66R.
�[0161] Referring to Figs. 1 and 11, it is herein assumed
that the motorcycle 200 is parked in an upright attitude
with the front wheel 18 and the rear wheel 55 in contact
with the horizontal ground surface T1 and with only its
weight acting thereon. This state is herein referred to as
"1G state." In the 1G state, the stoppers 82 are respec-
tively spaced a predetermined distance M2 from inner
peripheral surfaces of the upper insertion holes 89 of the
connection portions 66L, 66R. The distance M2 is, for
example, about 1 mm. Thus, the crank case 24 and the
bracket unit 65 are pivotable about the fixture screws
86L, 86R relative to each other. Since the distance M2
is small, the engine unit 30 substantively is pivotable only
about the pivot shaft 31.
�[0162] Referring to Fig. 9, the pivot shaft 31 is disposed
below the rear end portions of the side frames 13 in the
vicinity of the side frames 13. As described above, the
pivot shaft 31 extends between the left connection plate
67 and the right connection plate 68 (not shown in Fig. 9).
�[0163] With the motorcycle 200 seen from the left side,
the pivot shaft 31 is located in a space G4 defined by a
lower surface 23d of the cylinder head 23 and the con-
nection portions 66L, 66R of the crank case 24.
�[0164] With this arrangement, the pivot shaft 31 is lo-
cated at a lower position than the cylinder axis L1 of the
cylinder block 22. The pivot shaft 31 is located in a forward
direction with respect to the crank case 24.
�[0165] The pivot shaft 31 overlaps the front end portion
23a of the cylinder head 23 vertically (Z1) with respect
to the vehicle. Thus, the pivot shaft 31 is located between
the front end portion 23a of the cylinder head 23 (the front
end portion of the engine unit 30) and the front end sur-
face 24b of the crank case 24 with respect to the vehicle
direction X1 between the front and the rear.
�[0166] The pivot shaft 31 is located below the side
frames 13 (foot rest plate support).
�[0167] The pivot shaft 31 is located below the lower
surface 23d of the cylinder head 23. As seen in plan, the
tubular member 220 of the throttle body 38 is located
between a center axis L8 of the pivot shaft 31 and the
center axis L5 of the axle 56 with respect to the vehicle
direction X1 between the front and the rear.
�[0168] The pivot shaft 31 is located in a forward direc-
tion with respect to the tubular member 220 of the throttle
body 38 as seen in plan.
�[0169] With the motorcycle 200 seen from the left side,
a first phantom line segment L9 is defined as extending
between the center axis J3 of the first rotation shaft 224
serving as the rotation center axis of the first throttle valve
40A and the center axis L8 of the pivot shaft 31.
�[0170] With the motorcycle 200 seen from the left side,
the first phantom line segment L9 has a greater inclination
with respect to the horizontal plane S1 (vehicle axis X1
in the direction between the front and the rear) than the
second phantom line segment L3. That is, an angle Q3
defined between the horizontal plane S1 and the first

phantom line segment L9 is greater than an angle Q4
defined between the horizontal plane S1 and the second
phantom line segment L3 (Q3 > Q4) with the motorcycle
200 seen from the left side. In other words, the inclination
of the first phantom line segment L9 with respect to the
vehicle axis X1 in the direction between the front and the
rear is greater than the inclination of the second phantom
line segment L3 with respect to the vehicle axis X1 in the
direction between the front and the rear.
�[0171] As shown in Fig. 14 which is an enlarged side
view illustrating major portions around the upper portion
of the engine unit 30, a protection member 92 is disposed
above the tubular member 220 of the throttle body 38.
The protection member 92 is provided integrally with the
tubular member 220 for suppressing direct contact of for-
eign matter with the tubular member 220. An uppermost
end 92a of the engine unit 30 is defined by an upper end
of the protection member 92. A region of the bottom plate
20a of the storage box 20 opposed to the uppermost end
92a vertically (Z1) with respect to the vehicle is defined
as the opposed region 93. The opposed region 93 is
formed with the recess 20c as described above.
�[0172] Next, the movement of the engine unit 30 about
the pivot shaft 31 will be described in comparison with a
comparative example.
�[0173] Fig. 15 �(A) is schematic left side view illustrating
major portions of the motorcycle 200 according to this
embodiment, and maj or portions of a motorcycle 200C
of the comparative example. In Fig. 15�(A), the motorcy-
cles 200, 200C are in the 1G state described above. The
1G state is herein defined as a reference state.
�[0174] Referring to Fig. 15�(A), a comparison between
the motorcycles 200 and 200C shows that a positional
relationship between the pivot shaft 31 and the vehicle
body frame 10 differs from a positional relationship be-
tween the pivot shaft 31C and the vehicle body frame
10C. More specifically, the motorcycle 200C has sub-
stantially the same construction as the motorcycle 200,
except that the pivot shaft 31C of the motorcycle 200C
is located above an engine body 21C and a tubular mem-
ber 220C of a throttle body 38C.
�[0175] With the motorcycle 200 in the reference state
being seen from a lateral side, a reference phantom line
segment L10 extends between the center axis L8 of the
pivot shaft 31 and the center axis L5 of the axle 56 of the
rear wheel 55. With the motorcycle 200C in the reference
state being seen from a lateral side, a reference phantom
line segment L10C extends between a center axis L8C
of the pivot shaft 31C and a center axis L5C of an axle
56C of a rear wheel 55C. A length L10XC of the reference
phantom line segment L10C is shorter than a length L10X
of the reference phantom line segment L10 (L10XC <
L10X).
�[0176] As shown in Fig. 15�(B), the rear wheel 55 of the
motorcycle 200 is pivotable in an upward direction from
the reference state with respect to the vehicle body frame
10 by a predetermined maximum stroke amount R1. Sim-
ilarly, the rear wheel 55C of the motorcycle 200C is piv-
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otable in an upward direction from the reference state
with respect to the vehicle body frame 10C by the pre-
determined maximum stroke amount R1.
�[0177] When the motorcycle 200 with its rear wheel 55
shifted in an upward direction from the reference state
by the predetermined stroke amount R1 is seen from the
lateral side, an upper phantom line segment L11 extends
between the center axis L8 of the pivot shaft 31 and the
center axis L5 of the axle 56 of the rear wheel 55. The
reference phantom line segment L10 crosses the upper
phantom line segment L11 at an upper pivot angle θ1.
When the motorcycle 200C with its rear wheel 55C shifted
in an upward direction from the reference state by the
predetermined stroke amount R1 is seen from the lateral
side, an upper phantom line segment L11C extends be-
tween the center axis L8C of the pivot shaft 31C and the
center axis L5C of the axle 56C of the rear wheel 55C.
The reference phantom line segment L10C crosses the
upper phantom line segment L11C at an upper pivot an-
gle θ1C.
�[0178] Since the length L10XC of the reference phan-
tom line segment L10C is shorter than the length L10X
of the reference phantom line segment L10, a relation-
ship between the upper pivot angle θ1 and the upper
pivot angle θ1C is θ1 < θ1C.
�[0179] Where the motorcycle 200 is in the state shown
in Fig. 15�(B), the uppermost end 92a of the engine unit
30 and its peripheral portion are as shown in Fig. 14.
Thus, the uppermost end 92a of the engine unit 30 is
located within the recess 20c.
�[0180] Referring next to Fig. 16�(A), the rear wheel 55
of the motorcycle 200 is pivotable in a downward direction
from the reference state with respect to the vehicle body
frame 10 by a predetermined maximum stroke amount
R2. Similarly, the rear wheel 55C of the motorcycle 200C
is pivotable in a downward direction from the reference
state with respect to the vehicle body frame 10C by the
predetermined maximum stroke amount R2.
�[0181] When the motorcycle 200 with its rear wheel 55
shifted in a downward direction from the reference state
by the predetermined stroke amount R2 is seen from the
lateral side, a lower phantom line segment L12 extends
between the center axis L8 of the pivot shaft 31 and the
center axis L5 of the axle 56 of the rear wheel 55. The
reference phantom line segment L10 crosses the lower
phantom line segment L12 at a lower pivot angle θ2.
When the motorcycle 200C with its rear wheel 55C shifted
in a downward direction from the reference state by the
predetermined stroke amount R2 is seen from the lateral
side, a lower phantom line segment L12C extends be-
tween the center axis L8C of the pivot shaft 31C and the
center axis L5C of the axle 56C of the rear wheel 55C.
The reference phantom line segment L10C crosses the
lower phantom line segment L12C at a lower pivot angle
θ2C.
�[0182] Since the length L10XC of the reference phan-
tom line segment L10C is shorter than the length L10X
of the reference phantom line segment L10, a relation-

ship between the lower pivot angle θ2 and the lower pivot
angle θ2C is θ2 < θ2C.
�[0183] Referring to Fig. 16�(B), a sum θ3 of the upper
pivot angle θ1 and the lower pivot angle θ2 is a pivotal
angle of the rear wheel 55 and the engine unit 30 about
the pivot shaft 31 in the motorcycle 200. Further, a sum
θ3C of the upper pivot angle θ1C and the lower pivot
angle θ2C is a pivotal angle of the rear wheel 55C and
the engine unit 30C about the pivot shaft 31C in the mo-
torcycle 200C. A relationship between the angular sum
θ3 and the angular sum θ3C is θ3 < θ3C.
�[0184] Thus, the stroke amounts R1, R2 from the ref-
erence state in the motorcycle 200 are equal to those in
the motorcycle 200C. That is, the rear wheel 55 of the
motorcycle 200 and the rear wheel 55C of the motorcycle
200C are vertically pivotable at the same stroke amount
with respect to the vehicle body frames 10, 10C. How-
ever, the sum θ3 of the upper pivot angle θ1 and the
lower pivot angle θ2 is relatively small in the motorcycle
200, and the sum θ3C of the upper pivot angle θ1C and
the lower pivot angle θ2C is relatively great in the motor-
cycle 200C.
�[0185] As shown in Fig. 9, the throttle body 38 is locat-
ed above the engine body 21 in an attitude such that,
with the motorcycle 200 seen from the lateral side, the
inclination angle Q3 of the first phantom line segment L9
extending between the rotation center axis J3 of the first
throttle valve 40A and the center axis L8 of the pivot shaft
31 with respect to the horizontal plane S1 (vehicle direc-
tion X1 between the front and the rear) is greater than
the inclination angle Q4 of the second phantom line seg-
ment L3 extending between the rotation center axis J3
of the first throttle valve 40A and the rotation center axis
J1 of the second throttle valve 40B with respect to the
horizontal plane S1 (vehicle direction X1 between the
front and the rear), i.e., Q3 > Q4. Thus, the vertical move-
ment of the throttle body 38 occurring due to the pivoting
about the pivot shaft 31 is reduced, as perceived by the
inventor of the present invention.
�[0186] In the motorcycle 200 having the aforemen-
tioned layout, i.e., the motorcycle 200 including the so-
called downwardly suspended engine unit 30 with the
pivot shaft 31 located below the cylinder axis L1 of the
engine body 21, the throttle body 38 is vertically movable
by a distance V1 in Fig. 17. In the motorcycle 200C in-
cluding the so- �called upwardly suspended engine unit
30C with the pivot shaft 31C located above the engine
body 21C, on the other hand, the throttle body 38C is
vertically movable by a distance V1C in Fig. 17. A rela-
tionship between the vertical movement distances V1
and V1C is V1 < V1C.
�[0187] The movement distance V1 is herein defined
as the distance of the movement of the front end portion
of the tubular member 220 of the throttle body 38 ob-
served when the rear wheel 55 is vertically moved by a
stroke amount R1+R2. Similarly, the movement distance
V1C is herein defined as the distance of the movement
of the front end portion of the tubular member 220C of
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the throttle body 38C observed when the rear wheel 55C
is vertically moved by the stroke amount R1+R2.
�[0188] Thus, the vertical movement distance V1 of the
tubular member 220 is relatively small in the motorcycle
200, so that the bottom plate 20a of the storage box 20
can be located at a lower position. In the motorcycle
200C, in contrast, the vertical movement distance V1C
of the tubular member 220C is relatively great and, there-
fore, a bottom plate 20aC of the storage box 20C should
be located at a higher position so as not to contact the
tubular member 220C.
�[0189] In the motorcycle 200, the pivot shaft 31 is
spaced a greater distance from the storage box 20, there-
by obviating the need for locating the bottom plate 20a
of the storage box 20 away from the pivot shaft 31. In the
motorcycle 200C, in contrast, the pivot shaft 31C is lo-
cated just below the storage box 20C, so that the bottom
plate 20aC of the storage box 20C should be located
away from the pivot shaft 31C.
�[0190] In the motorcycle 200C, the storage box 20C
should be thus located away from the tubular member
220C and the pivot shaft 31C. As a result, an accommo-
dation space of the storage box 20C in the motorcycle
200C is smaller by a volume W1C than an accommoda-
tion space of the storage box 20 in the motorcycle 200
as indicated by hatching. This is because the height of
the storage box 20C is smaller by W2C than the height
of the storage box 20 as measured vertically (Z1) with
respect to the vehicle.
�[0191] Such comparative studies were conducted for
the first time by the inventor of the present invention. As
a result of the comparative studies, the inventor of the
present invention found that, even if the engine unit 30
includes the throttle body 38 including the two throttle
valves 40A, 40B, the volume of the storage box 20 can
be increased by the provision of the so-�called downward-
ly suspended engine. Conventionally, the comparative
studies were not thoroughly conducted. The arrange-
ment for increasing the volume of the storage box 20
according to this embodiment is novel, unobvious and
superior.
�[0192] This embodiment has the following effects. The
intake air is introduced as the assist air into the injection
space G3 adjacent to the injection nozzle 35 from the
auxiliary air intake passage K1 at least during idling.
Thus, the assist air is applied to the fuel injected from the
injection nozzle 35 to promote the disintegration of the
fuel. As a result, the fuel combustion efficiency is im-
proved at least during idling.
�[0193] In this embodiment, the pivot shaft 31 is dis-
posed at a lower position than the cylinder axis L1. This
makes it possible to locate the pivot shaft 31 on a side
of the cylinder axis L1 opposite from the storage box 20.
As a result, the pivot shaft 31 can be located at a forward
position without any influence on the storage box accom-
modation space.
�[0194] Further, the pivot shaft 31 can be located in a
space extending in the direction (X1) between the front

and the rear of the vehicle below the foot rest plate 19 at
a lower position than the cylinder axis L1 of the cylinder
block 22. This makes it possible to locate the pivot shaft
31 at a position further forward. In the motorcycle 200
according to this embodiment, therefore, the pivot shaft
31 is sufficiently spaced in a forward direction from the
rear wheel 55 as compared with the motorcycle 200C
according to the comparative example in which the pivot
shaft 31C is disposed above the cylinder block. Thus,
the distance between the center axis L8 of the pivot shaft
31 and the center axis L5 of the axle 56 of the rear wheel
55 as measured in the direction (X1) between the front
and the rear of the vehicle can be increased sufficiently.
�[0195] As a result, the pivot angle of the rear wheel 55
and the engine unit 30 about the pivot shaft 31 observed
when the rear wheel 55 is vertically pivoted a unit distance
is reduced sufficiently. This reduces a space required for
pivoting the throttle body 38 and the like about the pivot
shaft 31. Even if the throttle body 38 including the first
and second throttle valves 40A, 40B and hence having
a relatively great size is employed, the storage box ac-
commodation space can be increased sufficiently, there-
by increasing the volume of the storage box 20.
�[0196] As described above, the pivot shaft 31 is dis-
posed on the side of the cylinder axis L1 opposite from
the storage box 20. In the motorcycle 200 according to
this embodiment, the pivot shaft 31, and the bracket unit
65 and other components connected to the pivot shaft
31 can be spaced a greater distance from the storage
box 20 as compared with the motorcycle 200C in which
the pivot shaft 31C is located above the cylinder axis.
Therefore, the storage box accommodation space is un-
likely to be reduced by a space required for accommo-
dating the pivot axis 31 and the bracket unit 65. Thus,
the storage box accommodation space can be increased,
thereby increasing the volume of the storage box 20.
�[0197] The air intake pipe 36 extends in the direction
(X1) between the front and the rear of the vehicle. This
makes it possible to space the first and second throttle
valves 40A, 40B from each other in the direction (X1)
between the front and the rear of the vehicle. As a result,
the throttle body 38 has a reduced vertical dimension as
measured vertically (Z1) with respect to the vehicle. This
permits the storage box 20 disposed above the throttle
body 38 to have increased height, thereby increasing the
volume of the storage box 20. In addition, there is no
need to locate the seat 25 at a higher position for increas-
ing the volume of the storage box 20. This suppresses
the size increase of the motorcycle 200.
�[0198] With the motorcycle 200 seen from the lateral
side, the first phantom line segment L9 has a greater
inclination with respect to the horizontal plane S1 (vehicle
axis X1 between the front and the rear) than the second
phantom line segment L3. This reduces the distance be-
tween the first throttle valve 40A and the pivot shaft 31
as measured in the direction (X1) between the front and
the rear of the vehicle.
�[0199] That is, the distances between the first and sec-
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ond throttle valves 40A, 40B and the pivot shaft 31 can
be reduced as measured in the direction (X1) between
the front and the rear of the vehicle. This reduces the
vertical movement of the first and second throttle valves
40A, 40B observed when the throttle valves 40A, 40B
are pivoted a unit angle about the pivot axis 31.
�[0200] Further, the inclination of the tubular member
220 with respect to the vehicle axis X1 in the direction
between the front and the rear is significantly reduced,
so that the space required for pivoting the throttle body
38 is reduced. This correspondingly increases the stor-
age box accommodation space.
�[0201] Of the air intake pipe 36, the connection pipe
39 connecting the tubular member 220 of the throttle body
38 to the cylinder head 23 is disposed at a lower position
than the throttle body 38. Thus, the air intake pipe 36 is
unlikely to be located above the tubular member 220 of
the throttle body 38 in the front portion of the engine unit
30. This makes it possible to increase the height of the
storage box 20 as measured vertically (Z1) with respect
to the vehicle in the front portion of the engine unit 30,
thereby increasing the volume of the storage box 20.
�[0202] With the motorcycle 200 seen from the lateral
side, the dimension L3X in the direction between the front
and the rear of the second phantom line segment L3 is
greater than the vertical dimension L3Z of the second
phantom line segment L3 (L3Z < L3X). This arrangement
reduces the inclination of the tubular member 220 of the
throttle body 38 with respect to the vehicle direction X1
between the front and the rear, thereby reducing the ver-
tical dimension of the tubular member 220 of the throttle
body 38. This increases the height of the storage box 20
provided above the throttle body 38, thereby increasing
the volume of the storage box 20.
�[0203] As seen in the direction (X1) between the front
and the rear of the vehicle, the first and second throttle
valves 40A, 40B at least partly overlap each other when
fully closing the main air intake passage P1. Thus, the
throttle body 38 has a reduced vertical dimension. This
increases the height of the storage box 20, thereby in-
creasing the volume of the storage box 20.
�[0204] With the vehicle seen from lateral side, the sec-
ond throttle valve 40B is disposed in association with the
higher level surface portion 24c of the engine body 21
with respect to the vehicle direction X1 between the front
and the rear. With the vehicle seen from lateral side, the
first throttle valve 40A is associated with the lower level
surface portion 22b of the engine body 21 with respect
to the vehicle direction X1 between the front and the rear.
A step is present between the lower level surface portion
22b and the higher level surface portion 24c of the engine
body 21. Thus, a space is defined above the lower level
surface portion 22b around the step between the lower
level surface portion 22b and the higher level surface
portion 24c of the engine body 21. The first throttle valve
40A is partly accommodated in this space.
�[0205] Therefore, the throttle body 38 can be inclined
in a downward direction toward the front of the vehicle,

the space occupied by the throttle body 38 and the engine
body 21 can be reduced. This reduces the height of the
engine unit 30, and correspondingly increases the height
of the storage box 20, thereby increasing the volume of
the storage box 20. Thus, the storage box accommoda-
tion space is increased by effectively utilizing a dead
space present above the engine body 21.
�[0206] With the motorcycle 200 seen from the lateral
side, the tubular member 220 of the throttle body 38 is
at least partly disposed below the second phantom line
L4 extending in a forward direction from the uppermost
end 51a of the crank case 24. With this arrangement, a
dead space is present between the second phantom line
L4 and the engine body 21 as seen from the lateral side.
The tubular member 220 is at least partly located in the
dead space to effectively utilize the dead space. This
correspondingly increases the storage box accommoda-
tion space.
�[0207] The pivot shaft 31 is disposed on the side of the
engine body 21 opposite from the storage box 20. This
makes it possible to locate the pivot shaft 31 at a lower
position. Therefore, it is easy to employ a layout such
that the pivot shaft 31 is located below the foot rest plate
19. As a result, the pivot shaft 31 can be spaced a greater
distance in a forward direction from the rear wheel 55.
�[0208] The pivot shaft 31 overlaps the front end portion
23a of the cylinder head 23 (the front end portion of the
engine body 21) vertically (Z1) with respect to the vehicle.
With this arrangement, the engine body 21 is disposed
above the pivot shaft 31. Therefore, when the engine
body 21 is pivoted a unit angle about the pivot shaft 31,
the movement of the engine body 21 includes a greater
movement component in the direction between the front
and the rear and a smaller vertical movement compo-
nent. This reduces the vertical pivotal movement of the
engine body 21, thereby reducing the space required for
the vertical pivoting of the engine body 21. This corre-
spondingly increases the storage box accommodation
space. In addition, the pivot shaft 31 can be disposed at
a position further forward.
�[0209] The pivot shaft 31 is disposed below the side
frames 13 of the vehicle body frame 10 which serve as
the foot rest plate support. This makes it possible to locate
the pivot shaft 31 at a position further forward, so that
the pivot shaft 31 can be spaced a greater distance from
the rear wheel 55 in the direction (X1) between the front
and the rear of the vehicle.
�[0210] Further, as seen in plan, the pivot shaft 31 is
disposed between the front end of the engine unit 30 and
the crank case 24 with respect to the vehicle direction
X1 between the front and the rear. That is, as seen in
plan, the pivot shaft 31 is disposed between the front end
portion 23a of the cylinder head 23 and the front end face
24b of the crank case 24 with respect to the vehicle di-
rection X1 between the front and the rear. Therefore, the
pivot shaft 31 overlaps the engine unit 30 vertically (Z1)
with respect to the vehicle. With this arrangement, the
engine unit 30 is disposed just above the pivot shaft 31.
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Therefore, when the engine unit 30 is pivoted a unit angle
about the pivot shaft 31, the movement of the engine unit
30 includes a greater movement component in the direc-
tion between the front and the rear and a smaller vertical
movement component. This reduces the vertical pivotal
movement of the engine unit 30, thereby reducing the
space required for the pivoting of the engine unit 30 as
measured vertically (Z1) with respect to the vehicle. This
correspondingly increases the storage box accommoda-
tion space.
�[0211] The cylinder axis L1 is inclined in an upward
direction toward the front of the vehicle. With the vehicle
seen from lateral side, the pivot shaft 31 is disposed be-
low the lower surface of the engine body 21, and is ad-
jacent to the front end portion 23a of the cylinder head
23 (the front end portion of the engine body 21) with re-
spect to the vehicle direction X1 between the front and
the rear. With this arrangement, the space G4 present
below the engine body 21 is a dead space. The dead
space is effectively utilized as a pivot shaft accommoda-
tion space. This correspondingly increases the storage
box accommodation space.
�[0212] The cylinder axis L1 is inclined in an upward
direction toward the front of the vehicle, and the pivot
shaft 31 is disposed below the lower surface of the engine
body 21 and in a forward direction with respect to the
tubular member 220 of the throttle body 38. With this
arrangement, a dead space is present below the engine
body 21. The dead space is effectively utilized as the
pivot shaft accommodation space. Since the pivot shaft
31 is offset from the tubular member 220 in the direction
(X1) between the front and the rear of the vehicle, the
pivot shaft 31 does not overlap the tubular member 220
vertically (Z1) with respect to the vehicle. This reduces
the distance between the pivot shaft 31 and the tubular
member 220 as measured vertically (Z1) with respect to
the vehicle, thereby correspondingly increasing the
height of the storage box 20.
�[0213] The recess 20c is provided in the lower surface
20b of the storage box 20. This increases the space re-
quired for pivoting the engine unit 30 above the engine
unit 30. The recess 20c is present only in the region 93
of the lower surface 20b of the storage box 20 opposed
to the uppermost end 92a of the engine unit 30. There-
fore, the reduction in the volume of the storage box 20
due to the provision of the recess 20c is minimized.
�[0214] The injector 34 is provided in the first boss 32
of the cylinder head 23, i.e., at a different position from
the air intake port 221 in the cylinder head 23. Thus, the
injector 34 is not mounted in the air intake pipe 36 pro-
jecting in an upward direction from the upper surface 23c
of the cylinder head 23, but mounted in the cylinder head
23. As a result, the uppermost portion of the injector 34
is located at a lower position. This correspondingly in-
creases the height of the storage box 20, thereby increas-
ing the volume of the storage box 20.

Second Embodiment

�[0215] A second embodiment of the present invention
will hereinafter be described with reference to Fig. 18.
The second embodiment has substantially the same con-
struction as the first embodiment, except that a storage
box 170 has a structure different from that of the storage
box 20. Therefore, like components will be denoted by
like reference numerals, and duplicate description on the
construction, the functions and the effects will be omitted.
�[0216] In the second embodiment, a shopping basket
175 is accommodated in the storage box 170. The shop-
ping basket 175 has an open top, and includes a handle
176. The shopping basket 175 is configured so as to be
accommodated in an inside space of the storage box 170
designed to accommodate the helmet B1. Therefore, the
shopping basket 175 has a recess 177 provided in a bot-
tom surface thereof for engagement with a projection 171
of the storage box 170. The shopping basket 175 is di-
mensioned so as to accommodate the helmet B1.
�[0217] When the rider does not drive the motorcycle
200 of this embodiment, the shopping basket 175 and
the helmet B1 are accommodated in the storage box 170.
When the rider is to drive the motorcycle 200 to go shop-
ping, the rider takes the helmet B1 out of the storage box
70, and wears the helmet B1. At this time, the shopping
basket 175 is kept accommodated in the storage box
170. When the rider goes shopping, the rider takes the
shopping basket 175 out of the storage box 170, and
takes off and stores the helmet B1 in the storage box
170. When the rider is to drive the motorcycle 200 back
home after the shopping, the rider takes the helmet B1
out of the storage box 170 and wears the helmet B1.
Then, the rider stores the shopping basket 175 containing
purchased commodities in the storage box 170, and
drives the motorcycle back home. Upon arriving home,
the rider takes the shopping basket 175 out of the storage
box 170, and takes off and stores the helmet B1 in the
storage box 170.
�[0218] In this embodiment, the storage box 170 is uti-
lized as a shopping basket accommodating space.
Therefore, the motorcycle of this embodiment is conven-
ient for shopping. After the purchased commodities are
removed from the shopping basket 175, the empty shop-
ping basket 175 is stored in the storage box 170. This
requires no storage space for storing the shopping basket
at home.

Third Embodiment

�[0219] A third embodiment of the present invention will
hereinafter be described with reference to Figs. 19 (A)
and 19 �(B). The third embodiment has substantially the
same construction as the first embodiment, except that
the bracket unit 65 is not provided for the connection
between the engine unit 30 and the vehicle body frame
10. Therefore, like components will be denoted by like
reference numerals, and duplicate description on the
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construction, the functions and the effects will be omitted.
�[0220] A rear suspension device 570 includes a
stretchable rear shock absorber 580, and a connection
mechanism 590. An upper end of the rear shock absorber
580 is connected to a connection member 610 provided
on the left rear frame 14 via a fixture bolt 600. A lower
end of the rear shock absorber 580 is connected to a
connection member 630 provided on the housing 54a of
the power transmission member 54 via a fixture bolt 620.
�[0221] The connection mechanism 590 includes a left
connection plate 670, a right connection plate 680, a pivot
shaft 31 extending transversely (Y1) to the vehicle and
supported by the connection plates 670, 680, and a pair
of left and right connection portions 660L, 660R respec-
tively connected to the connection plates 670, 680 via
the pivot shaft 31 and provided integrally with the crank
case 24.
�[0222] The left connection plate 670 is fixed to the left
side frame 13. The left connection plate 670 is formed of
a metal plate, and is disposed below the rear end portion
of the left side frame 13.
�[0223] The right connection plate 680 is fixed to the
right side frame 13. The right connection plate 680 is
formed of a metal plate, and is disposed below the rear
end portion of the right side frame 13.
�[0224] The connection portions 660L, 660R are pro-
vided integrally with the front end portion of the crank
case 24. The connection portions 660L, 660R are spaced
from each other transversely (Y1) to the vehicle. The left
connection portion 660L and the right connection portion
660R are generally symmetrical transversely (Y1) to the
vehicle. The connection portions 660L, 660R are pivot-
able about the pivot shaft 31 with respect to the connec-
tion plates 670, 680.
�[0225] The connection portions 660L, 660R are held
between the connection plates 670 and 680 transversely
(Y1) to the vehicle. The pivot shaft 31 extends through
the connection portions 660L, 660R and the connection
plates 670, 680. The pivot shaft 31 is attached to the
connection portions 660L, 660R and the connection
plates 670, 680 in an undroppable manner by means of
nuts not shown.
�[0226] The pivot shaft 31 and the connection portions
660L, 660R are parts of the connection mechanism 590
and the engine unit 30.

Other Embodiments

�[0227] It should be understood that the present inven-
tion be not limited to the embodiments described above
with reference to the attached drawings. For example,
the following embodiments also fall within the technical
scope of the present invention.�

(1) The tubular member of the throttle body may be
disposed horizontally, or may be inclined in a down-
ward direction toward the rear of the vehicle.
(2) The first throttle valve and the second throttle

valve may be opposed to the upper surface of the
cylinder block and the upper surface of the cylinder
head, respectively. Alternatively, the first and second
throttle valves may be both opposed to the upper
surface of the cylinder block. Further, the first and
second throttle valves may be both opposed to the
upper surface of the crank case.
(3) The tubular member of the throttle body may be
entirely disposed above the second phantom line ex-
tending in a forward direction from the uppermost
end of the crank case into contact with the upper
surface of the cylinder head. Alternatively, the tubu-
lar member of the throttle body may be entirely dis-
posed below the second phantom line.
(4) The pivot shaft may be disposed at a higher po-
sition than an uppermost portion of the lower surface
of the engine body.
(5) The pivot shaft may be disposed in a forward
direction of the front end of the engine unit.
(6) The pivot shaft is merely required to be disposed
below the cylinder axis of the cylinder block and in
a forward direction with respect to the crank case.
Therefore, the position of the pivot axis is not limited
to that described above.
(7) The cylinder axis of the engine body may be in-
clined in a downward direction toward the front of
the vehicle or may be parallel to the vehicle direction
between the front and the rear.
(8) The lower surface of the storage box may be gen-
erally flat rather than recessed.
(9) The first throttle valve and the second throttle
valve may be separately accommodated in different
tubular members.
(10) The auxiliary air intake passage defining mem-
ber may be configured in a different manner than
those of the aforementioned embodiments, as long
as it defines the auxiliary air intake passage connect-
ing the portion between the first throttle valve and
the second throttle valve to the injection space de-
fined in the cylinder head. For example, the third boss
may be obviated, and the downstream end of the
hose may be fitted around the fourth boss. Alterna-
tively, the fourth boss may be obviated, and the first
boss may be formed with a recess, in which the third
boss is fitted to be fixed. Further, the third boss and
the fourth boss may be obviated, and the down-
stream end of the hose may be fixed directly to the
first boss. Further, the tubular member of the throttle
body may be formed with a recess, in which the up-
stream end of the hose is fixed.

REFERENCE NUMERALS

�[0228]

10...vehicle body frame
13...side frame (foot rest plate support)
18...front wheel
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18a...center axis of front wheel (center)
19...foot rest plate
20...storage box
20b...lower surface of storage box
20c...recess
21...engine body
22...cylinder block
22b...lower level surface portion
23...cylinder head
23a...front end portion of cylinder head (front end
portion of engine body)
23c...upper surface of cylinder head
23d...lower surface of cylinder head (lower surface
of engine body)
24...crank case
24c...higher level surface portion
24d... rear end portion of crank case (rear end portion
of engine body)
25...seat
30...engine unit
31...pivot shaft
34...injector (fuel injection device)
35...injection nozzle
36...air intake pipe
38...throttle body
39a...front end portion (front end portion of connec-
tion pipe)
40A, �40B...first and second throttle valves
41...auxiliary air intake passage defining member
45...crank shaft
51a...uppermost end (uppermost end of the crank
case)
55...rear wheel
55a...center axis of rear wheel (center)
92a...uppermost end (uppermost end of engine unit)
93...opposed region
200...motorcycle
208...piston
220...tubular member
221...air intake port
A1...combustion chamber
C1...intake air flow direction
G1...lower space
G3...an injection space (space adjacent to injection
nozzle)
J3...center axis of first rotation shaft (pivot center of
first throttle valve)
J1...center axis of second rotation shaft (pivot center
of second throttle valve)
K1...auxiliary air intake passage
L1...cylinder axis
L3...second phantom line segment
L4...second phantom line
L8...center axis of pivot shaft
L9...first phantom line segment
L20...first phantom line
P1...main air intake passage
X1 ... direction between the front and the rear of ve-

hicle (first direction)
Z1...vertical direction of vehicle (first direction)

Claims

1. A motorcycle comprising:�

a vehicle body frame (10);
a front wheel (18) and a rear wheel (55) support-
ed by the vehicle body frame (10);
a seat (25) supported by the vehicle body frame
(10);
a storage box (20) disposed in a lower space
present below the seat (25); and
an engine unit (30) disposed below the storage
box (20) in the lower space and supported by
the vehicle body frame (10) so as to be vertically
pivotable together with the rear wheel (55);

the engine unit (30) including:�

an engine body (21) including a crank case (24)
accommodating a crank shaft (45), a cylinder
block (22) connected to the crank case (24) and
accommodating a piston (208) that is recipro-
cally movable along a cylinder axis (L1) extend-
ing in a forward direction from the crank case
(24), and a cylinder head (23) that is cooperative
with the cylinder block (22) to define a combus-
tion chamber (A1) and includes an air intake port
(221) defining a part of a main air intake passage
(P1) connected to the combustion chamber
(A1);
an air intake pipe (36) extending generally in a
direction between the front and the rear of the
vehicle to be connected to the cylinder head (23)
and cooperative with the cylinder head (23) to
define the main air intake passage (P1);
a pivot shaft (31) disposed at a lower position
than the cylinder axis (L1) of the cylinder block
(22) and in front of the crank case (24) and serv-
ing as a pivot center about which the engine unit
(30) is pivotable with respect to the vehicle body
frame (10); and
a throttle body (38) including a first throttle valve
(40A) and a second throttle valve (40B) spaced
from each other in an intake air flow direction in
the air intake pipe (36), and a tubular member
(220) that defines a part of the air intake pipe
(36) and accommodates the first and second
throttle valves (40A, 40B), the throttle body (38)
being disposed above the engine body (21) at
a position such that, where a first direction (X1)
is defined as being parallel to a phantom line
(L20) extending through a center of the front
wheel (18) and a center of the rear wheel (55)
with the vehicle seen from a lateral side thereof,
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a first phantom line segment (L9) extending be-
tween a rotation center axis of the first throttle
valve (40A) and a center axis of the pivot shaft
(31) has a greater inclination with respect to the
first direction (X1) than a second phantom line
segment (L2) extending between the rotation
center axis of the first throttle valve (40A) and a
rotation center axis of the second throttle valve
(40B);
a fuel injection device (35) attached to the cyl-
inder head (23) and having an injection nozzle
(35) which injects fuel into the part of the main
air intake passage (P1) defined in the cylinder
head (23); and
an auxiliary air intake passage defining member
(41) that defines an auxiliary air intake passage
(P1) branched from the main air intake passage
(P1) between the first and second throttle valves
(40A, 40B) to guide intake air into a space ad-
jacent to the injection nozzle (35) at least during
idling.

2. A motorcycle as set forth in claim 1, wherein
the air intake pipe (36) is inclined in downward and
forward directions, and
the first throttle valve (40A) is located in a forward
direction with respect to the second throttle valve
(40B) at a lower position than the second throttle
valve (40B).

3. A motorcycle as set forth in claim 2, wherein
a second direction is defined as being perpendicular
to the first direction (X1) with the vehicle seen from
the lateral side, and
the second phantom line segment (L2) has a first
dimension as measured in the first direction (X1) and
a second dimension as measured in the second di-
rection, the first dimension being greater than the
second dimension.

4. A motorcycle as set forth in claim 1, wherein
the first and second throttle valves (40A, 40B) at least
partly overlap each other as seen in the first direction
(X1) when the main air intake passage (P1) is closed
by the first and second throttle valves (40A, 40B).

5. A motorcycle as set forth in claim 2, wherein
the engine body (21) has an upper surface (23c) in-
cluding a higher level surface portion (24c) and a
lower level surface portion adjoining each other in
the first direction�(X1), and
the second throttle valve (40B) and the first throttle
valve (40A) are disposed in association with the high-
er level surface portion (24c) and the lower level sur-
face portion, respectively, with the vehicle seen from
the lateral side.

6. A motorcycle as set forth in claim 1, wherein

the crank case (24) is disposed in a rear portion of
the engine body (21), and the cylinder head (23) is
disposed in a front portion of the engine body (21), �
the crank case (24) has an uppermost end (92a),
which is located at a higher position than an upper
surface (23c) of the cylinder head (23), and
the tubular member (220) is at least partly disposed
below a second phantom line (L4) extending in a
forward direction from the uppermost end (92a) into
contact with the upper surface (23c) of the cylinder
head (23) as seen from the lateral side of the vehicle.

7. A motorcycle as set forth in claim 1, wherein
the pivot shaft (31) is disposed at a lower position
than a lower surface (23d) of the engine body (21).

8. A motorcycle as set forth in claim 1, wherein
a second direction is defined as being perpendicular
to the first direction (X1) with the vehicle seen from
the lateral side, and
the pivot shaft (31) overlaps a front end portion (23a)
of the engine body (21) in the second direction.

9. A motorcycle as set forth in claim 1, further compris-
ing a foot rest plate (19) disposed in front of the seat
(25), wherein
the vehicle body frame (10) includes a foot rest plate
support which supports the foot rest plate (19), and
the pivot shaft (31) is disposed below the foot rest
plate support.

10. A motorcycle as set forth in claim 1, wherein
a positional relationship between the pivot shaft (31)
and the engine unit (30) with respect to the first di-
rection (X1) is such that the pivot shaft (31) is dis-
posed between a front end of the engine unit (30)
and the crank case (24).

11. A motorcycle as set forth in claim 1, wherein
the cylinder axis (L1) is inclined in upward and for-
ward directions, and
the pivot shaft (31) is disposed at a lower position
than a lower surface (23d) of the engine body (21),
and is adjacent to a front end (23a) of the engine
body (21) with the vehicle seen from the lateral side.

12. A motorcycle as set forth in claim 1, wherein
the cylinder axis (L1) is inclined in upward and for-
ward directions, and
the pivot shaft (31) is disposed at a lower position
than a lower surface (23d) of the engine body (21)
and in front of the tubular member (220).

13. A motorcycle as set forth in claim 1, wherein
the storage box (20) has a lower surface having an
opposite region opposed to an uppermost portion of
the engine unit (30),� and
the storage box (20) has an upwardly recessed por-
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tion provided in the opposed region of the lower sur-
face thereof.

14. A motorcycle as set forth in claim 1, wherein
a front end portion of the air intake pipe (36) is curved
in a downward direction and connected to an upper
surface (23c) of the cylinder head (23) in which the
air intake port (221) opens, and
the fuel injection device (35) is disposed at a different
position from the air intake port (221) in the cylinder
head (23).
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